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Abstract

Finding innovative ways to reduce waste streams generated at Department of Energy (DOE) sites by
50% by the year 2000 is a challenge for DOE's waste minimization efforts.  This report examines the
usefulness of benchmarking as a waste minimization tool, specifically regarding common waste streams
at DOE sites.  A team of process experts from a variety of sites, a project leader, and benchmarking
consultants completed the project with management support provided by the Waste Minimization Division
EM-352.  Using a 12-step benchmarking process, the team examined current waste minimization
processes for liquid photographic waste used at their sites and used telephone and written questionnaires
to find "best-in-class" industry partners willing to share information about their best waste minimization
techniques and technologies through a site visit.  Eastman Kodak Co., and Johnson Space
Center/National Aeronautics and Space Administration (NASA) agreed to be partners.  The site visits
yielded strategies for source reduction, recycle/recovery of components, regeneration/reuse of solutions,
and treatment of residuals, as well as best management practices.  An additional benefit of the work was
the opportunity for DOE process experts to network and exchange ideas with their peers at similar sites.
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Executive Summary

The Mission Finding innovative ways to reduce waste streams generated at DOE sites by 50%
by the year 2000 is a challenge for DOE's waste minimization efforts.  

Project Focus Sponsored by the DOE's Waste Minimization Division EM-352, this project
focused on identifying common waste streams throughout DOE, examining waste
minimization technologies that have been used successfully by companies or
organizations other than DOE, and providing this information to affected sites
within DOE.  Benchmarking was the methodology for analyzing the internal
processes and seeking industry partners that have successfully improved their
waste minimization processes.

Report Purpose This report
1. serves as a blueprint for any organization or team that wants to perform its

own benchmarking study to minimize waste, and
2. describes the results of the team that worked on finding the best waste

minimization practices for liquid photographic waste.

Benchmarking
Definition

Benchmarking is the continuous process of improving products, services, and
practices by identifying and understanding the current process, exchanging
information with recognized leaders in the field, and implementing meaningful
improvements.

Benchmarking is used by a variety of companies and organizations as a quality
improvement tool.  For this project, the group used the following 12-step
benchmarking process:

1. Identify process to be benchmarked
2. Establish management commitment
3. Identify and establish benchmarking team
4. Define and understand the process to be benchmarked
5. Identify metrics
6. Evaluate current performance
7. Identify potential benchmarking partners
8. Collect process data from potential partners
9. Analyze potential partners' data and choose partners

10. Conduct site visits
11. Communicate results 
12. Continue to conduct benchmarking of process

Benchmarkin g
Team

The benchmarking team consisted of a project leader, process experts with daily
working knowledge of the subject process, and consultants that provided
benchmarking expertise.  

Continued on the next page...
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Benchmarking
T e a m ,
continued

The team evaluated the current internal processes for liquid photographic waste,
created a process flow chart, and defined process metrics.  The team then used
telephone surveys and written questionnaires to help find industry partners with
a similar working environment that had addressed the problems that the team was
investigating.  The team found two partners:  Eastman Kodak Co., and Johnson
Space Center/National Aeronautics and Space Administration (NASA).

S i t e  V is i t
Results

The partners agreed to allow three members of the benchmarking team to visit
their sites and learn about their waste minimization practices.  The key
minimization options fell into the following categories:

1. Source reduction—Source reduction is the preferred method of waste
minimization, incorporating the following strategies: using correct chemicals;
using squeegees to minimize chemical carry-over between baths; determining
correct replenishment rates; using floating lids on chemical containers to
reduce evaporation, oxidation, and contamination; and using plumbingless
minilabs.

2. Recycle/recovery  of components—Recycling and recovering components
such as silver may be accomplished through metallic replacement (chemical
replacement cartridge), electrolytic recovery, precipitation, reverse osmosis,
ion exchange, and evaporation.

3. Regeneration/reuse of solutions—Good waste minimization results also
can be achieved through the regeneration and reuse of solutions such as
bleaches, fixing baths, wash waters, developers and stabilizers, and stop
baths.

4. Treatment of residuals—Although treatment of residuals is not considered
a true waste minimization technique, Kodak is currently researching a variety
of techniques besides high temperature incineration.

Also, both partners offered suggestions for best management practices that
covered system design, water control, and process and monitoring
considerations.

Additional
Benefit

The project had an unexpected side benefit—DOE personnel from across the
country were able to network and exchange ideas with their peers at similar sites.
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1.0  Introduction

1.1  Background

Executive Order On August 3, 1993, President Clinton issued Executive Order 12856 "Federal
Compliance with Right-to-Know Laws and Pollution Prevention Requirements,"
which requires federal agencies to develop voluntary goals to reduce their total
releases of toxic pollutants by 50% by December 31, 1999.  To meet the demands
of the Executive Order and related environmental regulations, the U.S.
Department of Energy (DOE) created the 1993 Waste Minimization Crosscut
Plan.  This plan establishes a DOE-wide goal to reduce all newly generated DOE
waste streams as well as pollutants by 50% in annual incremental reductions of
10% per year beginning in fiscal year 1995.  (WMCPU, 1993)

DOE Waste
Minimization
Mission

The Crosscut Plan states that DOE's waste minimization (WMin) mission is

"To reduce DOE multimedia wastes and pollutants by implementing cost-effective
waste minimization technologies, practices, and policies, with partners in
government and industry while conducting the Department's operations in a
regulatory compliant and environmentally sound manner."

DOE Objective This benchmarking project helps to accomplish one of the major DOE Crosscut
Plan Strategic Objectives, which is "to identify and develop technology and
exchange information."  By learning from "best in class" partners, the DOE can
enhance the effectiveness of WMin efforts by exchanging applicable technologies
and information with those who are already successful.

Sponsor The sponsor of this project is the DOE Waste Minimization Division, EM-352.  The
division's mission is to plan, coordinate, and develop a DOE-wide Waste
Minimization and Pollution Prevention Program that results in a decrease in the
amount of waste produced by the DOE.  

Benchmarking
Approach

Benchmarking was chosen as the project approach because it

has proven capabilities as a quality improvement tool,
provides flexibility,
may be applied to many different processes, and
increases ties with U.S. industry.  

For a complete definition of benchmarking and an explanation of the process,
refer to Section 2.
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1.2 Purpose

Purpose The purpose of the project was to examine the common waste streams throughout
the DOE and determine ways to minimize these waste streams.  This report is part
of the DOE-wide effort to prevent pollution and minimize common waste streams.
The DOE waste minimization effort strives to reduce sources of waste and to
recycle wastes and pollutants.  Pollution prevention is defined by the DOE as
source reduction activities that prevent waste generation and contaminant
releases.

This purpose of this report is to

1. provide a blueprint for any organization or team that wants to perform their own
benchmarking study to minimize waste, and

2. describe the results of the team that worked on finding the best waste
minimization practices for liquid photographic waste.

P r o j e c t
Focus

The project focused on identifying common waste streams throughout the DOE,
identifying waste minimization technologies that have been successfully applied
to these waste streams, and providing this information to the DOE.  Benchmarking
provided the methodology for analyzing the internal processes and seeking
industry partners that have successfully improved their own waste minimization
efforts. 
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Report Section Description

1 Identifies purpose, project background, and intent.

2 Describes Sandia's generic 12-step benchmarking
methodology, which can be adapted by any
organization that wants to apply benchmarking to
process improvement.

3 Describes how the project was conducted, using the 12
steps of the benchmarking methodology as a
framework.  Details from the liquid photographic waste
team are included.

Waste minimization practices, techniques, and
recommendations are included in Section 3.11.

4 Describes the lessons learned that might be helpful to
other organizations that use this benchmarking
methodology.

1.3  Report Structure

This document is Volume I in a planned series of waste minimization
benchmarking project reports.  Volume I includes the background, full project
scope, details, and results of the liquid photographic waste case study.  A second
waste stream, waste motor oil, is included in the project.  During the benchmarking
process, the waste motor oil team was unable to locate an industry partner that
was doing a better job of waste minimization than DOE (at the time of publication).
The group decided to perform an internal, DOE-based benchmark.  The results of
the waste motor oil group will be published in another volume.  Volumes will be
added as other waste streams are studied.

The following table describes the report structure:
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2.0  Benchmarking Methodology

Introduction This section describes the generic process of benchmarking, as defined by
Sandia's Process Improvement/Benchmarking Team.

Benchmarkin
g
Definition

Benchmarking is the continuous process of improving products, services, and
practices by

identifying and understanding customer requirements and process
performance,
exchanging information with recognized leaders (internal and external to the
organization),
implementing meaningful improvements, and
recalibrating the process by assessing the progress and monitoring the trends
and results.

Author Robert Camp has defined benchmarking as "the search for industry 'best
practices' that lead to superior performance."  (Camp, 1989)

Benchmarkin
g
Steps

The following is a flow chart of the 12-step benchmarking methodology (Figure 2-
1) used at Sandia.

Figure 2-1.  12-Step Benchmarking Methodology
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2.1 Defining the Benchmarking Process

Benchmarkin
g
Process

The following table shows the steps that comprise the benchmarking process.
Steps 1 through 6 reflect internal process improvement.  Steps 7 through 12 reflect
external activities.

Step Activity

1 Identify Process to be Benchmarked

The process selected must be narrow enough in scope that it is manageable. 
The process must be important to the work or business function and be
customer-focused because a substantial amount of resources (i.e., people,
time, and funds) will be required to conduct the benchmark.  The result must
improve the process and add value.

2 Establish Management Commitment

Management is defined as the person(s) who has the authority to allocate
resources (people, time, and funds) and who is ultimately responsible for the
outcome of the benchmarking activity.  

Management
has the responsibility to make the effort to understand the fundamentals of
benchmarking and to demonstrate its willingness to implement the results.  
needs to support the team and its recommendations with resources,
encouragement, and commitment.  
has the right to expect frequent updates from the benchmarking team (e.g.,
verbal reports, meeting minutes, reports, periodic presentations). 

3 Identify and Establish Benchmarking Team

The benchmarking team members include

process experts  who have extensive knowledge of the process through
their daily jobs; these are the people impacted by any changes.  
resource personnel  such as facilitators, trainers, quality or benchmarking
consultants, information specialists, technical writers, and statisticians.
a project leader  who guides the benchmarking process.

The team may need training in benchmarking techniques, including process
definition, the benchmarking process, quality tools, questionnaire design, and
interviewing techniques.  The team members must understand their roles and
responsibilities and commit to a common team purpose or goal.  The members
must attend and participate in all meetings and complete assignments.  

continued on the next page...
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4 Define and Understand the Process to be Benchmarked

The team defines the process through an understanding of important process
elements:  inputs, outputs, suppliers, and customers.  The customer drives the
business, and therefore the team needs to understand the customers' wants,
needs, and expectations.  The team's final output for this step includes a
process flow chart depicting the work flow and the relationships between people
and organizations.  The output from this step will lay the foundation for the
remainder of the benchmarking activity.

5 Identify Metrics 

The metrics must be meaningful to the process.  Example metrics include
customer requirements, cost, cycle time, and quality.  Metrics, when possible,
should be consistent with established standards (i.e., industrial, national,
international).  The process metrics will aid in evaluating and assessing the
current process.  Strength and weakness trends developed from the metrics
can identify areas for improvement and provide guidance and direction for
selecting improvements to be implemented.  Effective metrics will provide
guidance for developing survey tools for benchmarking partners.

6 Evaluate Current Performance

The metrics help to identify the process areas to be improved and the nature of
the improvements.  The team may need to develop a decision matrix for ranking
the improvements.  A cost/benefit or return-on-investment analysis may be
required to evaluate whether the benchmarking process should be continued.  If
the recommendation for implementation of the appropriate process
improvements is made, it will be necessary to monitor the trends and results.

7 Identify Potential Benchmarking Partners

Based on the metrics collected from the internal process, the team needs to
identify and establish criteria for "best in class" partner selection criteria.  The
team can identify potential partners through numerous resources:  library
search and contacts with external organizations, knowledgeable individuals,
suppliers, and customers.  The team needs to identify a sufficient pool of
partners to determine the final few they will visit.    

continued on the next page...

8 Collect Process Data from Potential Partners

The team develops surveys to obtain preliminary information from potential
partners.  Surveys may consist of questionnaires, telephone interviews, or face-
to-face interviews.  (Normally, site interviews are reserved for Step 10.)  The
survey questions are based on the process metrics and criteria established for
selecting partners.  Up-front planning on how to analyze the quantitative and
qualitative data is essential for developing good surveys.
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9 Analyze Potential Partners' Data and Choose Partners

The preliminary data is used to select partners for site visits and interviews. 
The project leader compares the data gathered from the potential partners to
the metrics and criteria set by the team.  The final partner(s) must have a 
process that is applicable to various DOE sites.  The project leader should
make direct comparisons of the data, process parameters, and constraints. 
The team will analyze the data and determine how to weight and rank criteria in
order to select the final partners.

10 Conduct Site Visits

To gain the maximum benefit from partner site visits, careful and thorough
preparation is essential.  Preparation includes, but is not limited to, determining
appropriate interviewees, assigning team interviewing roles, developing a list of
questions and a meeting agenda, and determining how to handle the interview
data.

The site visit is an opportunity for two-way communication between the
benchmarking team and each partner.  During the site visit, the team will
conduct an in-depth interview.  It is essential that the team develop an effective
interview guide for each partner before the site visits.  After all partners'
information is collected, the quantitative and qualitative data are analyzed.  A
decision matrix may be used to identify and select the partners' practices to be
incorporated.

11 Communicate Results

The team reports results to upper management and all involved parties and
develops an action plan that describes the team's recommendations, methods
for implementation, and implementation costs and schedule.  The findings need
to be adaptable to the process and the organization's culture and constraints. 
The improvements will need to be monitored and evaluated.

continued on the next page...

12 Continue to Conduct Benchmarking of Process

The best process today may not be the best process tomorrow.  Depending on
the level of change in the process, customer requirements, competition,
technological advances, and changing business practices, it is important to
revisit the process, or specific aspects of the process, periodically.

Reference Section 2 is an adaptation of Section 2 of the report, Benchmarking the Property
Inventory Process at Sandia National Laboratories, SAND92-2565.  It describes
the generic process of benchmarking, as defined by Sandia's Process
Improvement/Benchmarking Department.



Section 3—Conducting the Project

8

3.0  Conducting the Project

Adaptation of
Benchmarkin
g
Methodology

The 12 steps of the benchmarking methodology listed in Section 2 provide the
framework for this section.  

Benchmarking is a flexible process that lets each team adapt the standard
procedure to the unique needs of the project.  Because of cost and schedule
constraints, the benchmarking process was streamlined and condensed for this
project.

The following describes how the project leader and the liquid photographic waste
team adapted the benchmarking process to the needs of this project.
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3.1 Step 1: Identify  Process to b e
Benchmarked

Identification
of
C o m m o n
Waste
Streams

Initial activities centered on collecting information on as many DOE waste streams
as possible.  As a starting point, the Waste Management Information System
(WMIS) database provided by the Hazardous Waste Remedial Actions Program
(HAZWRAP) was used.  Through a subjective analysis of DOE waste streams, 38
common DOE waste streams were identified.  (See Appendix A.)  Of these 38, two
waste streams were chosen for this project.  This section describes the selection
process.   

Decision
Process
Description

The following table describes the process used to select the two waste streams for
this project.  

Step Action

1 Collect Waste Stream Data

Collect information about waste streams generated in the DOE complex.  The following
information sources were used:

Waste Management Information System (WMIS) data base, Oak Ridge, TN
Annual waste reduction reports sent to DOE headquarters
DOE process expert's opinions
Queries made to waste minimization site coordinators through this project, including
a written survey

2 Compile Comprehensive List

Compile information collected in Step 1 and categorize by waste type as follows: 
Hazardous
Radioactive (low-level and high-level)
Transuranic
Mixed
Sanitary

3 Evaluate Waste Stream by Function or Volume

For each waste stream on the comprehensive list, ask the following questions:

Is the waste stream infrastructure-related?  For example, does it result from facility
operations, such as motor pool, photography, printing, or office work?
Does the waste steam apply to most DOE sites?  (Based on process knowledge.)
Does the waste stream create a large volume of waste?  The waste stream may not
be extremely hazardous, but it may be expensive to process because of the large
volume of waste generated.  (Large volume is a subjective judgment.)

continued on the next page...
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4 Distill a Short List of Waste Streams

Select only the waste streams that had affirmative answers in Step 3.  (See Appendix
A.)

5 Choose Waste Streams for Study

Two waste streams, liquid photographic waste and waste motor oil, were chosen for the
following reasons:

Manageable process to define and understand
Good chance of success
Process experts were easily found and readily available in the DOE complex
Vehicle fleet maintenance working group already existed.  The Fleet and Plant
Operations and Maintenance group was created by the Waste Minimization
Contractor Coordination Group.

  OUTCOME OF BENCHMARKING STEP 1:
Processes chosen for benchmarking:

Liquid photographic waste
Waste motor oil

NOTE: Because the waste motor oil team was unable to find, at the time of publication, an
industry partner that practiced better waste minimization techniques  than were
currently in use by some DOE sites, the team decided to perform an internal
benchmark that would provide a profile of the best DOE efforts.  Therefore,
information on the waste motor oil team will be detailed in another volume.  
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3.2 Step 2: E s t a b l i s h  M a n a g e m e n t
Commitment

Strong DOE
Commitment

Because of DOE's emphasis on minimizing waste, management commitment was
a positive element in this project.  Management at all levels provided support,
funding, resources, and suggestions.  The DOE sponsor for this project is the
Waste Minimization Division, EM-352.  The project also had the support of the
individual team members' management.

All Levels Management commitment was provided at many levels for this project, including
the following:

Headquarters provided support through project funding and guidance.
The Albuquerque Field Office provided support through the WMin coordinator.
Site management provided support by allowing the process experts the time
to participate.
Sandia management provided support through benchmarking expertise and
trainers.

  OUTCOME OF BENCHMARKING STEP 2:
DOE management committed resources at local, regional, and national levels.
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Role Responsibilities

Project Leader
Plan, organize, assign
tasks, and oversee the
benchmarking project.  

Identify the waste stream to be benchmarked
Identify process experts and assemble the team
Manage the project
Arrange for benchmarking training
Report project progress to DOE management and
team members
Negotiate commitments with benchmark partners
Coordinate tasks
Attend all workshops and site visits
Oversee report preparation

3.3 Step 3: I d e n t i f y  a n d  E s t a b l i s h
Benchmarking Team

T e a m
Members

A benchmarking team usually consists of a project leader, process experts,
management, and support personnel.  Not all team members are required to
participate at all times.  Some team members may perform more than one role, as
needed, for the team at large and smaller subteams.

Finding Team
Members

The project leader used the following sources to find benchmarking team
members:

Networking
Contacts within the DOE
Proceedings from waste minimization conferences
Discussions with site waste minimization coordinators

NOTE:  The team should be as small as possible while including all of the required
roles.  A good rule of thumb is 4-6 process experts.

Roles and
Responsibilit
ies

The following table outlines suggested roles and responsibilities.
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Role Responsibilities

DOE Management
Provide support and resources.

Set policy
Provide support and personnel, time, and
funds

Trainers/Facilitators
Teach participants bench-
marking techniques and lead
workshops and work sessions
to accomplish goals.

Train team members in:
- benchmarking philosophy and methods
- process definition and flowcharting

 - developing questionnaires for
telephone contacts and written
responses

 - developing interview questions
 - proper procedures for site visits

Consult on sensitivity issues
Facilitate working sessions to keep the
team on track and lead discussions

Information Specialist
Aid the search for potential
benchmarking partners.

Search a variety of data bases using key
words to find potential industry partners for
benchmarking
Create a packet of materials and potential
leads to aid the process experts and
project leader in their search

Writer/Recorder
Document the benchmarking
process.

Record information at the workshops and
transcribe minutes
Write questionnaires, using questions
developed by the process experts at the
workshop
Provide writing support for project leader,
as needed

Roles and
Responsibilit
ies,
Continued
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Team
Assignments

The team assignments are suggested, not mandatory.  The team assignments
listed in the table below were used for this project.

Team Responsibilities Members

Planning Team Sets the goals of the project Project leader
Creates task plans Local DOE field office waste
Defines the cost, schedule, and minimization coordinator
budget DOE Headquarters EM-352

Representative
Additional suggestions:
Members of the planning team
might include site waste
minimization coordinators,
process experts, and site
management personnel.

Benchmarking Performs the work to accomplish Project leader
Team the project's goals, including: Process experts (4-6 experts)

  - Defining the process and its Benchmark consultants/facilita-
metrics tors for training and consultation

  - Setting criteria for industry partners Support personnel (information
  - Developing a questionnaire specialist, technical writer, scribes
  - Identifying industry partners to record minutes)
  - Conducting telephone surveys
  - Developing interview questions
  - Conducting on-site interviews
  - Writing progress and project

reports
  - Providing a pool of personnel for

the subteams

Interview Team Visits the industry partners, The Questioner—Has strong
conducts interviews, and records interviewing skills, elicits as much
responses information as possible with broad

NOTE: It is recommended that team process expert.
members are trained on The Listener—Refers to a long
benchmarking ethics and site list of detailed questions to make
visit techniques. sure enough information is col-

category questions, always a

lected to satisfy all the questions,
usually a process expert.
The Scribe/Facilitator—Takes
detailed notes and monitors the
agenda to keep the site visit on
track, usually the project leader.

  OUTCOME OF BENCHMARKING STEP 3:
Planning team, benchmarking team, and interview team successfully assembled.
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Stage Activity

1 Workshop facilitators directed team-building exercises to help
the team integrate into a cooperative, working unit.

2 Workshop facilitators trained the team in the benchmarking
methodology so team members understand the group
process, the task, the commitment, and the work involved to
complete the project.  

3.4 Step 4: Define and Understand the Proces s
to be Benchmarked

Process
Foundation

Step 4 is the most important step in the benchmarking process because it lays the
foundation for all future activity.  The team must define and understand the existing
process before examining another's process.  This step establishes the baseline
from which to measure performance gaps.

T e a m
Convenes

The entire team gathered for the first time in Step 4.  The project leader,
benchmarking consultants, process experts, information specialist, and support
staff attended a workshop, the first in a series of three.

W o r k s h o p
Goals

The goals of the first workshop were to

Define and understand the process to be benchmarked.
Create a flow chart of the generic process.
Define the metrics of the process (Step 5).
Define the criteria for choosing potential partners (Step 7).

The workshop also had important auxiliary goals, which were to:

Coalesce the team into a cooperative, working unit.
Train the team in benchmarking methodology.

Workshop
Activities

The two-day workshop was held to provide training and a work session for the
entire benchmarking team. 

The stage table below summarizes the workshop activities related to Step 4.  A
detailed description of the activities follows the stage table.
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Team Name The Foto Fixers

Motto Less is Better

Stage 1 — Team Building

T e a m
Building

One of the first activities was a team-building exercise.  The team was charged
with defining:

1. Team name
2. Motto
3. Mission statement

The group exchanged ideas, brainstormed, and got to know one another through
the group exercise.

The outcome of the tasks:

Mission
Statement
Purpose

The mission statement helped the team establish common goals, narrow the focus,
and define the group's mission.  The mission statement provided a touchstone to
prevent the group from straying off the track.  

The mission statement also helped to keep the target small.  If, for example, the
liquid photographic waste group had decided to minimize ALL photographic
process waste, such as ruined paper, used film, and so on, the target would have
been too large, the waste minimization process would have become
unmanageable, and the group would have lost focus.  

Stage 2 — Train the Process Experts

The process experts were chosen for their knowledge of their fields and the tasks
they perform in their daily jobs.  However, they needed training in how the process
of benchmarking works.  The first workshop also provided training in the 12-step
benchmarking process (refer to Section 2).  The trainers and facilitators from the
Process Improvement/Benchmarking Department at Sandia guided the workshop
and provided training.

Also, the training facilitators made sure everyone was familiar with flow charting
techniques and terminology before proceeding with the flow charting activities.

Stage 3 — Create a Flow Chart That Works for All Members

Process
Flow Chart

The process experts came from a variety of sites that had different procedures to
accomplish the same task.  Each site was unique, but the final product was the
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same.  Regardless of the site, the team members produced photographic products
for their customers.  

Process
Parameters

All processes have the following common parameters:

Inputs
Suppliers
Outputs
Customers

The team used the parameters above to help them define a particular process that
produces a liquid photographic waste stream.  For each parameter, the team
brainstormed for ideas.  After making four lists, the group reviewed each listed
component to see if it was directly related to the liquid photographic waste stream,
or if it was tangential.  The mission statement provided a reminder for keeping the
group focused.  The team members deleted some items and combined and
revised others.  The final lists are shown below.

Inputs The inputs for the liquid photographic waste stream are

Up front chemicals
Processing equipment
Film/paper
Filters
Exhausted chemicals
Process mistakes
Waste water treatment system
Staff knowledge/work/process implementation
Facility design
By-products of photography processes
By-products of treatment processes
Regulations/requirements
Procedures/processes
Work requests
Conduct of Operations (code of procedures) and Formality of Operations

Suppliers The suppliers for the liquid photographic waste stream are

Chemical suppliers
Water works/utility company
Photo paper and film
Equipment manufacturers
Customer's work requests
Technical/instruction publications

Continued on the next page...
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Suppliers,
continued

Power company
DOE
Regulators
Management/staff
Maintenance service
Facility service
Waste organization

Customers The customers of the liquid photographic waste stream are

Internal management
DOE
Regulatory agencies 
The public
Storage treatment and disposal facility
Shippers
Public treatment works

Outputs The outputs of the liquid photographic waste stream are

Effluent/waste water (treated vs. nontreated, hazardous vs. nonhazardous)
Liquid waste (treated vs. nontreated, hazardous vs. nonhazardous)
Being in compliance/passing audits (regulated/nonregulated)
Self-assessments
Testing process
Reports
Operational data base

Flow Chart After the lists were finalized, the team created a flow chart (Figure 3-1) for the
liquid photographic waste process.

  OUTCOME OF BENCHMARKING STEP 4:
Photographic process inputs, outputs, customers, and suppliers were identified.  A flow
chart of the process was completed.
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Figure 3-1.  Photographic Waste Administrative Process
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Figure 3-1.  Photographic Waste Administrative Process, continued
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3.5 Step 5: Identify Metrics

Definition Metrics are the measures of the internal process.  Metrics allow evaluation and
assessment of existing performance and provide points of contrast after the
lessons learned from the benchmarking activity have been applied.    

Purpose Metrics help the team create questions for finding the right industry partner and
form the foundation for questionnaire development and interview questions.

Metrics After the process flow chart was created (see Step 4), the facilitator led the team
through a discussion of the metrics that applied to its process and defined a list of
metrics.

The group decided that the following metrics were relevant for finding potential
industry partners:

Total gallons of effluent discharged per year
Gallons of photo chemicals used per year
Ratio of materials used per product produced
pH range of effluent (element tracking)
Information on out-of-tolerance occurrences
Concentrations of key components (analytical analysis)
Preliminary Hazard Assessment (PHA) or risk assessment of work conditions
Machine utilization/effluent not treated (balance work flow to machine utilization
Frequency of sampling
Number of process technicians

NOTE: Not all of the metrics are easily obtainable measures within DOE.

  OUTCOME OF BENCHMARKING STEP 5:
Metrics were defined that provide the measures of the internal process and identify the
criteria for finding potential industry partners.
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3.6  Step 6: Evaluate Current Performance

Modification
of
Step 6

This step was not explored in depth because of the diversity of the sites.  However,
each process expert was urged to use information from the workshop to apply to
his or her own process.  

Information 
Exchange

The team performed an informal evaluation of a site's performance by exchanging
information and comparing activities and processes.  Each process expert had the
opportunity to discuss and explain his or her site process during the first workshop.

Value of
Networking

Most of the participants said that this workshop was the first time they were able
to meet with their peers.  They learned new ideas from other sites' processes and
felt the workshop had provided a networking opportunity.  The process experts
said that the variances in environmental laws and regulations that apply to the
different sites was of great interest.

A photography technologist reported that the workshop had helped him because
of the supportive network that the benchmarking process fosters.  Improved work
relationships resulted.  He reported that when problems arise, they are not seen
as crises, but manageable problems with attainable solutions.

  OUTCOME OF BENCHMARKING STEP 6:
Individual team members shared information on his or her process with the other
process experts and established network contacts for future problem solving.
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3.7 Step 7: Identify Potential Benchmarking
Partners

Search
Parameters

The search parameters for identifying potential partners were based on the metrics
and criteria established by the process experts at the process flow workshop.

Defining the criteria limited the search to partners that will fit the team's needs.
The liquid photographic waste team needed to find a partner that had a variety of
operations, such as black and white, color, and motion picture processing.  A
company that only did black and white processing would not fit the criteria because
their operations would not be diverse enough to apply to a majority of DOE sites.

Criteria The liquid photographic waste team defined the following criteria as being
important for choosing an appropriate partner:

Size of staff
Size of physical plant
Number of machines
Kind of business
- Custom
- Amateur
- Aerial
- X-ray
- Motion picture
- Other
Regulations
- Federal
- State
- County
- City
- Other

Identification
of
Potential
Partners

There are a variety of sources for identifying potential partners, including the
following:

Literature search by an information specialist
Process experts' suggestions
Contacts through customers or suppliers
Trade associations or publications
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Step Action

1 Search the appropriate data bases
- using key words suggested by the criteria provided by

the benchmarking team.
- for companies that are patenting innovative techniques.

2 Review technical journals in the subject field.

3 Check reference sources for company information.

4 Verify company addresses and telephone numbers.

5 Identify possible contacts to whom benchmarking questionnaires
can be sent.

6 Prepare a report, listing all companies and contacts.

Literature
Search

The technical library information specialist was able to start the search before the
first workshop, based on the chosen waste stream and the project goals.  The
information specialist attended the first workshop to familiarize herself with the
partner requirements.  After the workshop, the metric and criteria lists were given
to the information specialist to use as the basis for a literature search to find
potential partners.

The literature search steps to identify potential industry partners are summarized
below.

The list of companies and contacts was provided to the group at the second
workshop (see section 3.8).

P r o c e s s
Experts'
Suggestions

In this case, the best source for partners was the knowledge available from the
process experts.  Their networking contacts were valuable in supplying information
that was not available through published sources.  Creative brainstorming at the
second workshop yielded good suggestions for potential partners, including the
two final partners, NASA and Kodak.  

Results The literature search and process expert networking initially identified 24
companies for the liquid photographic waste team.  

  OUTCOME OF BENCHMARKING STEP 7:
A list of potential partners was finalized.
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3.8 Step 8: Collect Process Data from
Potential Partners

D a t a
C o l l e c t i o n
Methods

The main tools for gathering initial process data from potential partners is a
questionnaire, either verbal or written.  Both types were used for this project.

Questionnair
e 
Development
Training

The benchmarking team reconvened for the second workshop to learn
questionnaire development techniques and to define the questions it wanted to
pose to potential partners.  

Refer to Appendix B for an abbreviated training guide on questionnaire
development techniques.  Refer to Appendix C for the final telephone and written
questionnaires used in this project.

Telephone
Questionnair
e
Purpose

The telephone questionnaire was not meant to be an exhaustive survey, but a brief
inquiry to determine whether the company would be interested in participating and
whether the company was suitable for benchmarking.  The telephone
questionnaire provided a filter, focusing on major processes rather than details of
the company's operations.

Written
Questionnair
e
Purpose

The purpose of the written questionnaire was to collect the needed information to
choose the best partner.

The written questionnaire incorporated most of the metrics defined in the first major
workshop on process definition.  The written questionnaire was sent only to the
companies contacted by telephone that met the criteria, that expressed an interest
in participating, and that would possibly provide innovative techniques in waste
minimization.
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Step Team Member Action

1 Process Experts Use the metrics to develop rough questions
Using process knowledge, make sure the
questions will help identify good partners and
are not just "nice to know" information    

2 Project Leader and
Technical Writer

Use the rough questions developed at the
workshop to create the telephone questionnaire
and the written questionnaire

3 Project Leader Divide the names and telephone numbers of
potential partners among the process experts
(2 or 3 per process expert)
Fax the final version of the telephone
questionnaire to the process experts
Send a rough draft of the written questionnaire
to the process experts for comment

4 Process Expert Call the companies and conduct the telephone
questionnaire
Report the results to the project leader
Review the written questionnaire and send the
suggestions to the project leader

Questionnair
e
Process

The following table describes the process for developing and using both the
telephone and written questionnaires:

Results Of the 24 initial contacts made by the liquid photographic waste team, 11
companies

had processes that were appropriate for comparison to the DOE's process
defined by the process experts and 
were willing to participate.  

Written questionnaires were sent to these companies.  Of the 11 written
questionnaires sent, 7 were returned.  (This return rate of 64% exceeds the
average return rate of 30-60% for prescreened written questionnaires.)

  OUTCOME OF BENCHMARKING STEP 8:
1) Telephone questionnaire "qualified" 11 potential partners
2) Written questionnaire follow-up provided 7 responses used for further analysis.
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Criteria Explanation

Size of Staff The team was looking for a laboratory that had a
medium-to-large size staff (six or more laboratory
workers, excluding photographers).  The size of
the staff indicated that enough photography
products were processed to make WMin efforts
worthwhile and cost-effective.

Diversity of
Operations

Laboratories with diverse operations would mirror
DOE facilities.  For example, a one-hour photo
shop that does only color print processing did not
have the desired diversity.

Waste Minimization
Efforts

The team looked for companies with strong
management and worker support for waste
minimization through good training, thorough
written procedures, and a commitment to waste
minimization. 

Best Management
Practices

Companies were evaluated on how many of the
Best Management Practices listed on the
questionnaire were already in use at their site.

3.9  Step 9: Analyze Potential Partners' Data and
Choose Partners 

The answers to the written questionnaires provided the data for analysis and for
selection of a benchmarking partner.  (The written questionnaire is shown in
Appendix C.)  The table below shows the criteria used to select partners.

Out of the seven potential partners that returned the questionnaire, three
companies met the requirements stated above.  The project leader called the three
finalists and discussed their waste minimization efforts and successes.  The two
that had the most active waste minimization programs were chosen.
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  OUTCOME OF BENCHMARKING STEP 9:
Partners selected for on-site benchmarking:

Eastman Kodak Co.
Johnson Space Center/NASA
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Step Action Team Member

1 Contact the chosen partners and make
arrangements for the site visit through a tele-
phone call and a formal letter.  
Contact the companies not selected and
thank them for their time and tell them the
publication date of the final report.

Project Leader

2 Train the team in interviewing skills, site visit
standards, etiquette, benchmarking ethics,
and handling sensitive information.

Benchmarking
Facilitators

3 Create the agenda for the site visit.Interview Team,
Project Leader

4 Develop interview questions.  (A helpful
source was the Guides to Pollution
Prevention, The Photoprocessing Industry,
published by the EPA.)

Interview Team
(Process Experts,
Project Leader)

5 Send the agenda, interview questions, any
information requested by the partners, and
auxiliary documentation (such as bench-
marking information) to the partners.

Project Leader

6 Visit the site, using the interview questions to
keep the visit focused.

Interview Team

7 Analyze the information and report on what is
useful to the team.

Interview Team

3.10 Step 10: Conduct Site Visits 

Overview The industry site visit is the final tool to help the team gather information on how
to improve each DOE site's waste minimization process.

Site Visit
Training

The interview team, a subset of the benchmarking team, convened for a third
workshop to learn interview techniques, rules of conduct, and agenda development
skills.

Refer to Appendix D for an abbreviated training guide on on-site interviewing
techniques.  Refer to Appendix E for the final interview question set used in this
project.

Site Visit
Process

The following table shows the site visit process.
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3.10.1 Eastman Kodak Site Visit

The first site visit was performed at the Eastman Kodak Company headquarters
in Rochester, New York.

Rather than follow the prepared agenda and question list, Kodak conducted a
series of presentations by staff members, including a comprehensive tour of
Kodak's research and development laboratories.  Kodak has extensive experience
in hosting visitors interested in waste minimization, so the group followed the
program offered by Kodak.  The team recorded answers to their specific questions
as they were covered during Kodak's presentation.

The process experts received a wealth of information, verbally and in written
documents.  Some time was spent discussing up-coming waste minimization
technologies, some of which were presented in the first quarter of 1994 at the
National Association of Photographic Manufacturers Association convention.

Summary of
Kodak Visit

The visit to Kodak covered the following topics:

Overview of Kodak health, safety, and environment programs
Introduction to Customer Imaging Environment Support Services
Overview of Environmental Sciences Section
Tour of the following processing areas:
- Motion picture
- E-6, a color reversal process
- Aerial
- C-41, a color negative process
- RA-4, a printing process
Strategies for environmental compliance
Tour of Environmental Sciences Section Laboratories
Wrap up, questions, comments

3.10.2 Johnson Space Center/NASA Site Visit

The second site visit was performed at the Johnson Space Center/NASA site in
Houston, Texas.  

This visit paralleled the team's expectations for a site visit because the scripted
interview was followed.  However, not all NASA personnel were available, due to
other commitments.  The main contact person was able to answer all of the team's
questions because he had been instrumental in many of the changes made in
NASA's waste minimization efforts over the past few years.

Summary of
NASA Visit

The visit to NASA followed this agenda:

Interview NASA contact
Tour photography operations
Discuss quality control issues with a photographic chemist to finish answering
interview questions
Wrap up, questions, comments
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  OUTCOME OF BENCHMARKING STEP 10:
The interview team completed site visits at

Eastman Kodak Co.
Johnson Space Center/NASA



Section 3—Conducting the Project

32

3.11 Step 11: Communicate Results 

Overview This section briefly summarizes the site visits and what was learned from the
partners.  The section discusses waste streams generated by photoprocessors
and the four key minimization options.  Finally, this section provides a list of Best
Management Practices (BMP) learned from the two industrial partners. 

One major recommendation from the DOE process experts to photo labs is to stay
in touch with their chemical manufacturers, touching base every few months to tap
the wealth of process and chemical information that manufacturers have and are
willing to share.  

Much of the information in this section is not new, but served as reminders of what
the process experts already knew.  Part of the benchmarking methodology is to
constantly re-evaluate the target process to see if any changes can be
incorporated that will improve the process.

Normally, Step 11 of the benchmarking methodology includes implementing
improvements and monitoring the results.  Because this project deals with a
consensus (i.e., generic) process, and a variety of sites, actual implementation was
not possible.  The purpose of this section is to provide results and offer options so
individual sites may create their own implementation plans.  The tables are
comprised of information supplied by Kodak and EPA's Guides to Pollution
Prevention, the Photoprocessing Industry.  

NOTE: Refer to Appendix F for a list of resources and contacts for expert help
in waste minimization in photography.

Key minimization options discussed were

1. Source Reduction
2. Recycle/Recovery of Components
3. Regeneration/Reuse of Solutions
4. Treatment of Residuals

Kodak Site
Visit

Kodak stressed their commitment to helping customers solve technical,
management, and transportation problems with photographic waste effluents.
They demonstrated advancements that customers could use to measure and treat
waste streams.  Upcoming waste minimization technologies were presented.  

J o h n s o n
S p a c e
Center/NASA
Site Visit

Johnson Space Center/NASA is developing a comprehensive program to ensure
all environmental discharges are in compliance.  A systematic waste reduction
program will be in place to ensure that these reductions are being implemented in
the most cost-effective manner.
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W a s t e
Streams

Wastes generated by photoprocessors are primarily aqueous effluents.  These
may be categorized as:  process bath wastes, color developer wastes, and
bleach/fix/bleach-fix wastes (Freeman, 1990).

The following table lists the common solutions that comprise the effluents, their
constituents, and the environmental concerns they cause.  (GPP, 1991)

Solution Constituents Environmental Concern

Prehardeners, hardeners, and Organic chemicals Oxygen demand
prebaths Chromium compounds Toxic metals

Developers Organic chemicals Oxygen demand

Stop baths Organic chemicals Oxygen demand

Ferricyanide bleaches Ferricyanide Toxic chemical

Dichromate bleaches Organic chemicals Oxygen demand
Chromium compounds Toxic metals

Clearing baths Organic chemicals Oxygen demand

Fixing Baths Organic chemicals Oxygen demand
Silver Toxic metals
Thiocyanate Toxic chemicals
Ammonium Compounds Ammonia
Sulfur compounds Possible hydrogen sulfide (H S)2

generation

Neutralizers Organic chemicals Oxygen demand

Stabilizers Phosphate Bio-nutrients

Sound-track fixer or redeveloper Organic chemical Oxygen demand
Ammonium compounds Ammonia

Monobaths Organic chemicals Oxygen demand 

In addition, photoprocessing solutions may be acidic or alkaline.



3.11.1.  Source Reduction

Source reduction is the preferred method of waste minimization but must be used in combination with other methods to
ensure the most effective strategy.

The following table lists source reduction methods.

Method Description Comments

Using Correct Choose chemicals that The chemicals that are best for a lab will depend on
Chemicals factors such as

produce the lowest waste
- can be treated by a waste treatment facility Effluent regulations in the area and chemical
- have low replenishment rates limits that affect the laboratory.
use the same manufacturer's chemicals within a single Utilization of the film and paper processor.
process.  Mixing different brands within a single process may Level of equipment, chemical, and maintenance
produce nontreatable matrices or void existing treatment costs that the laboratory can justify.
technologies. Commitment to reduce effluent discharges.

 Space limitations.
Other needs unique to each laboratory.

Squeegees Squeegees provide a simple and effective way to reduce carryover Install squeegees following all washes and
of processing solutions and wash waters.  Properly installed, they processing solutions in continuous processing
can reduce solution or wash-water carryout by 75 percent or more. machines.  (Squeegees are not recommended

The following steps will result in dramatically improved squeegee needed dilution to the next solution.)  It is also
function: not practical or possible to use them on

change often drum processors.  
use correct squeegee material for right solution Check the specifications for the process for
wash squeegee every 15 minutes recommended placement of squeegees.
wipe squeegee frequently during process

in some locations because the carryover adds

processors such as rack-and-tank, basket, or

continued on the next page...   
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Replenishment Replenishment rates are determined by factors such as Check for the following:
Rates the type and amount of the photographic material being The correct replenishment rates are being

processed, used.
the exposure level of the material, The correct process specifications are being
processor speed, used.
solution carry-in and carry-out, The replenisher-delivery systems are operating
concentrations of the reaction and decomposition products, properly.
and
process control.  

Usually the recommended replenishment rates exceed the amount
needed to maintain the solution level, resulting in an overflow that
is either discharged to the drain or collected for treatment and
possible reuse.

Floating Lids Using floating lids on solution-storage containers can Mix only the amount of solution that can be
double the useful storage life of solutions by reducing oxidation used during its useful storage life to minimize
and evaporation.  solution loss from oxidation and evaporation.
reduce contamination from dust and dirt.

Plumbingless Plumbingless minilabs use a proprietary chemical stabilizer in Although the volume of effluent is greatly reduced,
Minilabs place of wash water.  While conventional minilabs discharge 20 to the concentrations of contaminants are much

25 gallons of effluent per roll of film processed, plumbingless higher than for the conventional minilabs. 
minilabs discharge less than 0.1 gallon of effluent per roll.  Wherever there are concentration limits on sewer

discharges, potential users should review this point
with local authorities if silver can be recovered from
this effluent using either the metallic replacement or
electrolytic processes described in the next table.



3.11.2  Recycle/Recover Components

As much as 80 percent of the total silver processed for black-and-white positives and almost 100 percent of the silver
processed in color work will end up in the fixer or bleach-fix solution.  Silver is also present in the rinse water following the
fixer or bleach-fix due to carry-over.  The amount of silver in rinse water is a small fraction of that in the fixer or bleach-fix
solutions, but can be economically recovered when high volumes of rinse water are used.  A variety of equipment types
and sizes are available for silver recovery. 

The table below discusses silver recovery methods. 

Comparison of Silver Recovery Methods Applicable Production
Volume

Method Advantages Disadvantages Low Mediu High
m

Metallic Low investment pH sensitive X X
Replacement Low operating cost High iron content of effluent
(Chemical Simplest operation Silver recovered as sludge
Replacement High silver concentration in effluent unless two
Cartridge units are in series
(CRC)) Overall high cost due to frequent changing of

cartridges

Electrolytic Recovers silver as pure Potential for sulfide formation X X X
Recovery metal High silver concentration in effluent

High silver recovery rate pH sensitive
Most economical

Precipitation Can attain 0.1 milligrams of Complex operation X X
silver per liter (mg Ag/L) Silver recovered as sludge
Moderate investment Treated solution cannot be reused
Relatively simple technology Potential H S release for sodium sulfide2

system
Must know silver concentration for proper
dosage
Can be very time-consuming
Phase separation stage is critical

Continued on the next page....



Comparison of Silver Recovery Methods Applicable Production
Volume

Method Advantages Disadvantages Low Mediu High
m

Reverse Also recovers other Concentrate requires further processing X
Osmosis chemicals High investment

Purified water is recyclable High operating cost
Distillates may need further treatment
Need to control biogrowth

Ion Exchange Can attain 0.1-2.0 mg Ag/L Only for dilute effluent X X
Good for very low Ag limits Complex operation

High investment
Distillates may need further treatment
Need to control biogrowth
High replacement cost for resins

Evaporation Minimum aqueous effluent High energy requirement X
Water conservation Silver recovered as a sludge

Organic contaminant buildup
Potential air emissions
High initial cost
Distillates may need further treatment
Need to control biogrowth



3.11.3  Regenerate/Reuse Components

The following table lists available treatments for the regeneration and reuse of chemistry and wash waters, ranked in order of the ease and
effectiveness for waste volume reduction.

Production Volume Comments
Required For Method to
be Effective

Treatment Description Low Mediu High
m

1. Bleaches Many bleaches are recovered and reused.  Recovery of EDTA X X X Requires more
(ethylenediaminetetraacetic acid) type bleaches is very common labor, less waste
and regeneration and reuse is done easily.  Ferricyanide bleaches recovery potential
have been recovered and reused for years.  Some bleaches are than fixing bath
designed for low replenishment rates. treatment

2.  Fixing Baths With in-line desilvering, it is possible to reduce replenishment rates X X X Simple to install,
by 50-75%.  Recent work has proven batch desilvering of overflow economical; im-
with reuse is feasible. pacts silver con-

centration and
subsequent wash
water

3. Wash Waters Spent rinse water can be treated to restore purity and recycled for X X X Simple to install,
rinsing.  A small portion of incoming clean water is added to the low to moderate
recycled water stream and an equivalent overflow goes to the cost
sewer drain after the fixer wash.  A single recycling system can
serve several photoprocessor units.

4. Developers Most commonly used technique is ion exchange.  Electrodialysis is X Complex, high
used in Japan and not commonly in the United States.  Some technical skills
developers are formulated to be reused directly.  Some required,
formulations are designed for a very low replenishment rate. expensive

5. Stabilizers Recent experimentation has shown it may be possible to reduce X Easy, low cost,
replenishment rates if stabilizers are recirculated through resins or low maintenance
activated carbon

6.  Stop Baths For the most part, stop baths are not reused.  In some cases, X
formulas have been modified for very low replenishment rates. pH
control can minimize usage.
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3.11.4  Treatment of Residuals

Treatment is not a true waste minimization technique.  It must be done when the production of waste is unavoidable.  The
goal of treatment is to convert the effluent to a form that can be discharged legally to a sewer system.

For facilities that cannot discharge to a Waste Water Treatment Plant (WWTP), volume reduction for vacuum evaporation
or distillation can minimize amounts to be hauled offsite.  Also, high temperature incineration is the only final treatment
currently recommended by Kodak.  Most users would have to contract services for any of the  treatments listed below.
All would be costly.  Good practices would reinforce the practicality of minimizing waste at the beginning of each process.

The following treatment technologies are some of the technologies under investigation by Kodak:

Treatment Description Comments

1. Chemical Oxidation Various oxidants including hydrogen peroxide, Limited success on photo solutions
  hypochlorite, ozone, and combinations of oxidants

with and without catalysts

2. Electrolytic Oxidation Various electrode combinations commercially Not ready for application to
available photoprocessing

3. High Pressure, High Wet air oxidation Experimental
Temperature Techniques Supercritical water oxidation Not an on-site treatment process

4. Biological Recommended treatment when photo solutions are Promising
10% or less of total input to WWTP; partial treatment
is advised when photo solutions are 100% of input to
WWTP

5. Powdered Activated Carbon Specialized biological treatment system Experimental
Treatment

6. High Temperature Incineration Recommended treatment for photo solutions and Only final treatment recommended by
evaporator residues; must be over 1500 F Kodak
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3.11.5  Best Management Practices

The following lists best management practices (BMPs) that were learned from the
site visits that are most applicable to DOE site processes.  The lists are
compilations from both sites.

S y s t e m
Design

Conduct a thorough systems analysis.  Look at how business is being done
today, not how it was done when the facility was designed or built.
Know your regulatory discharge or sewer codes.
Cut down the number of systems in use; trim the laboratory profile.
Have up-to-date and clearly written procedures available.
Size equipment and capacities to actual needs.
Purchase low-maintenance equipment, even if the initial cost is higher.
Work closely with vendors to ensure proper use/application of products.
Stay in touch with manufacturers and attend trade shows.
Make sure your test labs are accredited by your state.
Keep abreast of new technology.

W a t e r
Control

Perform a systems assessment before changing the water volume to ensure
the product quality stays high.
Perform regular water use audits.
Use water savers.  Wash water savers can reduce water usage by 25-65%.
Control inventories of processing chemicals so they are used before their
expiration dates.
Conserve wash water and energy by equipping machine with solenoids to turn
off water.

Processing
Consideratio
ns

Process in batches for better labor allocation and less processor waste.
Make up processing solutions only in quantities needed to meet realistic
processing volumes.
Improve quality control for all processes to prevent unnecessary discharges.
Use floating lids or balls on all solution tanks to prevent loss through oxidation
or evaporation.
Properly separate film types early in the process to avoid processing mistakes.
Install sticky pads at the entrance to lab facilities to reduce the dust in solutions
and on film and prints.  The pads should be changed often.
Use air or vacuum squeegees if feasible.
Do not mix different brands of chemicals.

Monitoring
Consideratio
ns

Calibrate flow meters (at least annually).
Monitor replenishment rates.
Monitor silver in effluent throughout the waste stream.
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  OUTCOME OF BENCHMARKING STEP 11:
Source reduction, recycle/recovery, regeneration/reuse, treatment techniques, and best
management practices were documented for possible improvement to minimize waste at
DOE photography labs.
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3.12 Step 12: C o n t i n u e  t o  C o n d u c t
Benchmarking of Process

Normally, benchmarking is an ongoing process.  The best waste minimization
technology today may be outmoded and outclassed by new developments.  This
step is not currently being pursued because of cost and schedule constraints, but
would be necessary for actual process improvements.
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4.0 Conclusions and Recommendations

Results and
Recommen-
dations

Because results and recommendations are an integral part of the benchmarking
effort, they are included in the main body of the report.  See Section 3.11 for the
results of the benchmarking project for liquid photographic waste and
recommendations for best management practices.

Learning
Process

The benchmarking process is also a learning process.  As the project progresses,
the most important quality for a team to have is the ability to be flexible, to shift
gears, and to handle the unexpected, particularly during site visits.  This section
is written for benchmarking project leaders or team members to help them
anticipate and hopefully avoid pitfalls.  

4.1 Lessons Learned by the Project Leader

Planning The following provides suggestions for planning activities:

Keep complete and organized files of all correspondence and documentation.
Keep the correspondence with partners and potential partners in a separate
file for easy access.
Plan the workshops carefully.  Verify the logistics prior to the start of the
meeting to avoid delays or inconveniences during the meeting.
Have a laptop computer at the workshops to record the activities directly.
Be flexible.  The project leader needs to be willing to adapt if the team comes
to a dead end in any part of the benchmark process.
Communicate regularly with sponsors.

Modifying the
Methodology

A full benchmark is a long and rigorous process;  the team had to modify the
benchmark process to accommodate the needs of the customer, DOE
management.  Several steps of the benchmark process can be successfully
modified but none can be eliminated.  Implementation, which is a major part of
traditional benchmarking, could not be done with this project because the team
used a consensus process rather than a specific process.  The process information
was gathered from a variety of sites so there was no way to write an
implementation plan that would apply to more than one site.

Interaction s
with
T e a m
Members

The following provides suggestions for managing team dynamics:

Have a written "contract" with the benchmark consultant clearly stating
requirements, expectations, schedule, and costs.  This "contract" or agreement
may be dynamic in the beginning.  
Spend the necessary time finding the "right" team members rather than finding
the "easy-to-get" team members.  Working with highly qualified process
experts with extensive experience in waste minimization added to the project's
success.  

Continued on the next page...
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Interactions
with Team
Members,
Continued

Give process experts plenty of time to discuss their processes with their peers
at the workshops.
Make sure the workshop scribes understand clearly the purpose of the
workshop.
Involve the technical writer from the beginning of the project.
Have strong facilitators at the workshops to keep the teams focused.
Be willing to be the "bad guy" if necessary and tell the team members clearly
and early if they are not meeting expectations.

Training Training is an essential step.  

Offer "just in time" training staggered throughout the project so the skills are fresh
in the minds of the participants.

Analysis Have process experts write the draft of the results section for the final report.
So much information is collected that only the process experts can decide what
is most important and what is the most useful level of detail.

Site Visits Try to space interviews at least a week apart to allow time to digest and
analyze the data from each visit.  
Make the note-taking guides identical for all team members and number the
questions clearly.
Bring a laptop computer on the site visits so the project leader can begin the
report during the debriefing session with other team members.

4.2 Lessons Learned from the Process Experts

G r e a t e s t
Benefit

The process experts felt that the greatest benefit of the benchmarking process was
the opportunity to network with their peers and share process and operations
information.

G r e a t e s t
Value

Process experts reported the following as the greatest value of the workshop to the
DOE complex:

"I feel our time will be multiplied many times over by the sharing of experiences
and successes with each other.  This can generate a very valuable product/tool."

"Peers can discuss the various aspects of their operations and make common
sense input to DOE through this workshop.  Properly done, this should foster less,
but improved oversight."

"I have worked for the DOE complex in photography for 21 years.  This is the first
experience for me to have any formal contact with any other DOE photo labs.  I
now have contacts and personal relationships with three other DOE labs which I
can use to improve our daily conduct of operations and to help me cope with
whatever new environmental regulations may be coming my way."
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Biggest
Problems

The biggest problems encountered by the process experts included:

Logistics: getting to scheduled meetings
Conflicting priorities with other work

4.3 Lessons Learned from the Benchmarking Consultant

The process sponsor/owner needs to be clearly defined.
The project leader and benchmarking consultant need mutually agreed upon
goals and objectives.
An agenda and ground rules need to be set and adhered to at workshops.
The facilitator needs to be trained in process definition and benchmarking
methodology.
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